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BIAS CALCULATION, BIAS COMPENSATION,
AND BIAS TABLE EDITING METHODS FOR HDD,
RECORDING MEDIA STORING COMPUTER
PROGRAMS FOR EXECUTING THE SAME, AND
HDD USING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention generally relates to hard disk
drives (HDDs), and more particularly, the present invention
relates to bias compensation for servo control of HDDs.

[0003] A claim of priority is made to Korean Patent
Application No. 10-2005-0082440, filed on Sep. 5, 2005, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

[0004] 2. Description of the Related Art

[0005] A hard disk drive (HDD) is an auxiliary storage
unit of a computer system which is capable of accessing bulk
data at high speed by magnetically reading/writing data
from/on a rotating magnetic disk. That is, data is stored in
concentric tracks formed on the magnetic disk, and the
tracks are accessed by a magnetic head for writing or reading
data on or from the magnetic disk. The operation of moving
the magnetic head across the magnetic disk and positioning
the head above one of the tracks is referred to as a “track
seek” operation.

[0006] In the track seek operation, various disturbances
affecting the magnetic head is referred to as a “bias”. Bias
forces affecting the magnetic head may include, for
example, atmospheric pressure against a side surface of the
head resulting from air flow generated when the disk is
rotating, stresses caused by a flexible cable connected to the
head, and bearing axis characteristics of a voice coil motor
(VCM).

[0007] Ttis also known that the bias varies with a position,
a moving distance, and a moving direction of the magnetic
head. Therefore, for example, since an initial driving force
of'a voice coil varies with the position and moving direction
of the magnetic head in a track seek operation, and since an
initial moving speed of the magnetic head varies with the
moving distance, the bias is compensated for according to
the position, moving distance, and moving direction of the
magnetic head. Methods of compensating for the bias are
disclosed in Korean Registered Patent Nos. 403,037 and
260,411 and U.S. Pat. Nos. 5,773,948 and 6,738,220.

[0008] According to a conventional bias compensation
method, a disk is divided into a plurality of zones from the
inner circumference to the outer circumference, a bias is
measured in each zone and stored in a bias table, and the bias
is compensated for by referring to the bias table when a track
seek is performed.

[0009] Since bias can vary with the operational environ-
ment, it is preferable that all biases corresponding to all
zones of the disk in the bias table be updated with changes
in operational environment. However, the calculations
needed to update the bias table in this manner are complex
and require long computation times.

SUMMARY OF THE INVENTION

[0010] According to an aspect of the present invention, a
method of calculating a bias applied to a head of a hard disk
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drive (HDD) is provided. The method includes measuring
biases across all zones of a disk, extracting a nonlinear bias
component which is nonlinearly varied across all zones of
the disk based on the measured biases, measuring biases at
two reference positions on the disk according to a change of
an operational condition of the HDD, estimating a linear bias
component which is linearly varied across all zones of the
disk based on the biases measured at the two reference
positions, and calculating a bias at a position of the disk
according to the change of the operational condition of the
HDD based on the estimated linear bias component and the
extracted nonlinear bias component.

[0011] According to another aspect of the present inven-
tion, a method of compensating for a bias applied to a head
of'a hard disk drive (HDD) is provided. The method includes
measuring biases across all zones of a disk and extracting a
linear bias component which is linearly changed across all
zones of the disk and a nonlinear bias component which is
nonlinearly changed across all zones of the disk based on the
measured biases, storing the linear bias component and the
nonlinear bias component in a bias table, and compensating
for a bias by referring to the bias table when the HDD is
turned on.

[0012] According to another aspect of the present inven-
tion, a method of editing a bias table for compensating for
a bias applied to a head of a hard disk drive (HDD) is
provided. The method includes measuring biases across all
zones of a disk and extracting a linear bias component which
is linearly changed across all zones of the disk and a
nonlinear bias component which is nonlinearly changed
across all zones of the disk based on the measured biases,
and editing a bias table which stores the linear bias compo-
nent and the nonlinear bias component.

[0013] According to another aspect of the present inven-
tion, a computer readable recording medium storing a pro-
gram for executing a method of calculating a bias applied to
a head of a hard disk drive (HDD), where the method
includes measuring biases across all zones of a disk, extract-
ing a nonlinear bias component which is nonlinearly varied
across all zones of the disk based on the measured biases,
measuring biases at two reference positions on the disk
according to a change of an operational condition of the
HDD, estimating a linear bias component which is linearly
varied across all zones of the disk based on the biases
measured at the two reference positions, and calculating a
bias at a position of the disk according to the change of the
operational condition of the HDD based on the estimated
linear bias component and the extracted nonlinear bias
component.

[0014] According to another aspect of the present inven-
tion, a computer readable recording medium storing a pro-
gram for executing a method of compensating for a bias
applied to a head of a hard disk drive (HDD) is provided,
where the method includes measuring biases across all zones
of a disk and extracting a linear bias component which is
linearly changed across all zones of the disk and a nonlinear
bias component which is nonlinearly changed across all
zones of the disk based on the measured biases, storing the
linear bias component and the nonlinear bias component in
a bias table, and compensating for a bias by referring to the
bias table when the HDD is turned on.

[0015] According to another aspect of the present inven-
tion, a computer readable recording medium storing a pro-
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gram for executing a method of editing a bias table for
compensating for a bias applied to a head of a hard disk drive
(HDD) is provided, where the method includes measuring
biases across all zones of a disk and extracting a linear bias
component which is linearly changed across all zones of the
disk and a nonlinear bias component which is nonlinearly
changed across all zones of the disk based on the measured
biases, and editing a bias table which stores the linear bias
component and the nonlinear bias component.

[0016] According to another aspect of the present inven-
tion, a hard disk drive (HDD) is provided which includes a
disk which stores information, a spindle motor which rotates
the disk, a head which records information on the disk and
which reads information from the disk, a voice coil motor
(VCM) which moves the head, a memory which stores a bias
table, and a controller which measures a bias in a track and
which compensates for the bias in a track seek mode by
referring to the bias table stored in the memory. The memory
stores a linear bias component which is linearly changed
across all zones of the disk and a nonlinear bias component
which is nonlinearly changed across all zones of the disk,
and the controller compensates for the bias by referring to
the bias table when the HDD is turned on, measures biases
at reference positions on the disk when an operational
condition of the HDD is changed, estimates a linear bias
component changed across all zones of the disk based on
biases measured at the reference positions, and updates the
linear bias component stored in the bias table to the esti-
mated linear bias component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other aspects and features of the
present invention will become readily apparent from the
detailed description that follows, with reference to the
accompanying drawings, in which:

[0018] FIG. 1 illustrates bias profiles measured in an
HDD:;

[0019] FIG. 2 illustrates zones divided on a disk in an
HDD:;

[0020] FIGS. 3A-3B and 4A-4B are diagrams for sche-
matically explaining nonlinear bias components;

[0021] FIG. 5 is a diagram for use in explaining the
manner in which linear and nonlinear bias components are
obtained from a bias profile;

[0022] FIG. 6 is a diagram illustrating bias profiles with
respect to usage time of an HDD and linear components
corresponding to the measured bias profiles;

[0023] FIG. 7 is a flowchart of a bias calculation method
for an HDD according to an embodiment of the present
invention;

[0024] FIG. 8 schematically illustrates a method of esti-
mating a linear bias component in the bias calculation
method illustrated in FIG. 7 according to an embodiment of
the present invention;

[0025] FIG. 9 illustrates an effect of a bias calculation
method according to an embodiment of the present inven-
tion;
[0026] FIG. 10 is a flowchart of a bias compensation
method according to an embodiment of the present inven-
tion;
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[0027] FIG. 11 is a flowchart of a method of editing a bias
table according to an embodiment of the present invention;

[0028] FIG. 12 is a flowchart of a method of editing a bias
table according to another embodiment of the present inven-
tion;

[0029] FIG. 13 is a schematic plan view of an HDD
according to an embodiment of the present invention;

[0030] FIG. 14 is a block diagram of an electrical circuit
of the HDD illustrated in FIG. 13 according to an embodi-
ment of the present invention; and

[0031] FIG. 15 is a block diagram of a track seek servo
control system executed by a controller illustrated in FIG. 14
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0032] FIG. 1 illustrates bias profiles measured in an
HDD. In graph of FIG. 1, the horizontal axis denotes a head
position (track number) on a disk, i.e., a distance from an
inner circumference of the disk, and the vertical axis denotes
the magnitude of a bias torque (in arbitrary units). As
illustrated in FIG. 1, a bias profile varies according to a head
position on the disk.

[0033] The bias profiles illustrated in FIG. 1 represent
different usage times of the HDD. For example, the curve at
the top of the graph is a bias profile immediately after the
HDD is turned on, and curve at the bottom is a bias profile
after the HDD has been operated for the longest time relative
to the other curves. As suggested by FIG. 1, the bias
converges to certain values with the passage of time.

[0034] The bias varies not only with the head position and
usage time as illustrated in FIG. 1, but also with a moving
direction of the head, i.e., depending on whether the head
moves radially inward or outward.

[0035] FIG. 2 illustrates zones divided on a disk in an
HDD. It is known that the HDD is managed by dividing an
area from the inner circumference of the disk to the outer
circumference into a plurality zones (zone 0 to zone N). A
track pitch, the number of sectors per track, and write/read
parameters are set differently for each zone. A bias is also
separately measured and compensated for each zone.

[0036] According to a conventional bias compensation
method, a bias table containing biases obtained by measure-
ment or estimation is stored in a memory, and the bias table
is referred to when a track seek is performed. In addition, the
bias table is updated by re-measuring or re-calculating
biases every time a change of an operational condition, such
as lapse of a usage time or a change of an operational
temperature, occurs.

[0037] However, when all biases of all zones of the disk in
the bias table are updated, it long computation time is
needed since a bias should be newly obtained for each zone.
In addition, if a bias varies nonlinearly, it takes a much
longer time since an operation of applying a proportional
constant according to a head position on the disk to the bias
is necessary.

[0038] In a bias compensation method according to an
embodiment of the present invention, a bias is compensated
for by dividing the bias into a linear component, which is
linearly changed across all zones of a disk, and a nonlinear
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component, which is nonlinearly changed across all zones of
the disk, but only the linear component is compensated for
when an operational condition is changed.

[0039] Based on experimental results, although both a
linear component and a nonlinear component of a bias are
changed when an operational condition is changed, the
degree of change of the linear bias component is consider-
ably larger than that of the nonlinear bias component. Since
the nonlinear bias component variation is relatively small it
can be neglected during bias compensation.

[0040] Thus, a bias can be compensated for by obtaining
a nonlinear component in advance and estimating only a
linear component when an operational condition is changed.
Since the linear bias component varies linearly across all
zones of a disk, the linear bias component can be simply and
quickly estimated by referring to biases measured at two
arbitrary positions on the disk.

[0041] Tt is known that a significant source of bias is the
stress of a flexible printed circuit board (FPCB) connecting
a PCB in which circuit parts of the HDD are installed to a
head, combined with an actuator and a mechanical shape of
the actuator and the head.

[0042] The stress of the FPCB affects movement of the
head since the FPCB expands or contracts when the actuator
operates, and the shape of the actuator and the head also
affects movement of the head in combination with air flow
generated when a disk is rotated.

[0043] Although the stress of the FPCB varies with a
position of the actuator (i.e., a head position on the disk) and
a moving direction of the actuator (i.e., a moving direction
of the head), the most significant factor is an operational
temperature of the HDD. That is, when the operational
temperature of the HDD varies, the stress of the FPCB
varies, and accordingly, the bias applied to the head varies.
The operational temperature of the HDD is strongly related
to the usage time of the HDD.

[0044] A bias caused by the mechanical shape of the
actuator and the head is affected by the head position on the
disk and the moving direction of the head rather than the
operational temperature of the HDD.

[0045] Based on the above description, a bias of the HDD
can be divided into a component considerably affected by
the usage time and the operational temperature and a com-
ponent considerably not affected by them. It can be consid-
ered that the component considerably affected by the usage
time and the operational temperature is scarcely affected by
the mechanical shape of the actuator and the head, the head
position on the disk, and the moving direction of the head
and is linearly changed across all zones of the disk.

[0046] 1t can be also considered that the component con-
siderably not affected by the usage time and the operational
temperature is affected by the mechanical shape of the
actuator and the head, the head position on the disk, and the
moving direction of the head and is nonlinearly changed
across all zones of the disk, but the level of the affection is
not considerably changed with usage time and the opera-
tional temperature.

[0047] FIGS. 3A-3B and 4A-4B are diagrams for sche-
matically explaining nonlinear bias components.
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[0048] FIG. 3A illustrates a plurality of bias profiles
measured at respectively different usage times while the
head moves from the inner circumference to the outer
circumference (i.e., radially outward), and FIG. 4A illus-
trates a plurality of bias profiles measured while the head
moves from the outer circumference to the inner circumfer-
ence (i.e., radially inward). In each of these figures, the
horizontal axis denotes a head position (track number) on a
disk, and the vertical axis denotes the magnitude of a bias
torque (in arbitrary units).The initial bias profile in each
figure was measured at the time when the HDD is initially
used, i.e., when the HDD is turned on, and the remaining
bias profiles were measured at constant time intervals there-
after.

[0049] The bias profiles illustrated in FIGS. 3A and 4A
include nonlinear and linear components. FIGS. 3B and 4B
illustrate the nonlinear bias components corresponding to
the bias profiles illustrated in FIGS. 3A and 4A. As illus-
trated in FIGS. 3B and 4B, very small differences exist
between the nonlinear bias components according to usage
time of the HDD.

[0050] Since the nonlinear bias components have very
small differences with the usage time, a sufficient bias
compensation performance can be obtained even though the
nonlinear component is not updated with usage time.

[0051] FIG. 5 is a diagram for schematically illustrating
the manner in which linear and nonlinear bias components
are obtained from a bias profile. In FIG. 5, the horizontal
axis denotes a head position (track number) on a disk, and
the vertical axis denotes a bias compensation value (in
arbitrary units). A bias profile 502 and a straight line 504
which approximates the bias profile 502 are shown in FIG.
5. Referring to FIG. 5, the bias profile 502 can be repre-
sented using the straight line 504 and a difference between
the bias profile 502 and the straight line 504.

[0052] That is, a bias F is represented by F=f(p)+0+alp
where p denotes a position on the disk, f(p) denotes a
difference value, a0 denotes an intercept of the straight line
504, and al denotes a slope of the straight line 504.

[0053] In the above equation, f(p) is a nonlinear compo-
nent of the bias, and al+alp is a linear component of the
bias.

[0054] To increase accuracy, the straight line 504 is set so
that the difference value between the bias profile 502 and the
straight line 504 is minimized. That is, the straight line 504
is set so that a total sum of root squares of difference values
at every position on the disk is minimized.

[0055] FIG. 6 is a diagram illustrating bias profiles mea-
sured with respect to a usage time of an HDD and linear
components corresponding to the measured bias profiles. In
FIG. 6, the horizontal axis denotes a head position (track
number) on a disk, and the vertical axis denotes the mag-
nitude of a bias torque (in arbitrary units). Bias profiles 602a
through 602d of FIG. 6 are measured with respect to the
usage time of the HDD, and straight lines 604a through 6044
are linear components corresponding to the bias profiles
602a through 6024.

[0056] Referring to FIG. 6, as the usage time of the HDD
increases, the bias profiles 602a through 6024 show large
differences, in contrast with the nonlinear bias components
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which show very little differences as previously discussed in
connection with FIGS. 3B and 4B.

[0057] Thus, a bias at an arbitrary position can be calcu-
lated by obtaining nonlinear bias components in advance,
estimating linear bias components according to variations of
an operational condition, i.e., variations of a usage time and
an operational temperature, and adding the nonlinear bias
components and the linear bias components.

[0058] FIG. 7 is a flowchart of a bias calculation method
for an HDD according to an embodiment of the present
invention.

[0059] Referring to FIG. 7, a bias profile is obtained by
measuring biases across all zones of a disk in operation
S702.

[0060] A nonlinear bias component which is nonlinearly
changed across all zones of the disk is extracted based on the
measured bias profile in operation S704. The extracting of
the nonlinear bias component was described previously in
connection with FIG. 5. Operations S702 and S704 may be
performed in a manufacturing process of the HDD, in
particular, during burn-in test process. The obtained nonlin-
ear bias component is stored in a bias table, and the bias
table is stored in a maintenance cylinder of the disk.

[0061] Biases are measured at two reference positions on
the disk in operation S706. The two reference positions may
be arbitrarily selected.

[0062] A linear bias component which is linearly changed
across all zones of the disk is estimated based on the
measured biases in operation S708.

[0063] FIG. 8 schematically illustrates a method of esti-
mating the linear bias component in the bias calculation
method illustrated in FIG. 7. In FIG. 8, the horizontal axis
denotes a head position (track number) on a disk, and the
vertical axis denotes a bias compensation value (in arbitrary
units).

[0064] As illustrated in FIG. 8, the linear bias component
is represented by a straight line estimation 802 of a bias
profile 801 extending between two reference positions P_a
and P_b on the disk. Again, the two reference positions P_a
and P_b may be arbitrarily selected.

[0065] In operation S710, a bias at a desired position on
the disk is calculated based on the linear bias component
estimated in operation S708 and the nonlinear bias compo-
nent extracted in operation S704.

[0066] FIG. 9 illustrates an effect of the bias calculation
method according to an embodiment of the present inven-
tion. In FIG. 9, the horizontal axis denotes a head position
(track number) on a disk, and the vertical axis denotes a bias
compensation value (in arbitrary units). Also, in FIG. 9,
reference numeral 902 denotes an initial bias profile, e.g., a
bias profile measured right after an HDD is turned on,
reference numeral 904 denotes a bias profile calculated
using the bias calculation method according to an embodi-
ment of the present invention after a certain time, e.g., 3
minutes, since the HDD has been turned on, and reference
numeral 906 denotes an actually measured bias profile
corresponding to the calculated bias profile 904. Only a
small difference exists between the bias profile 904 calcu-
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lated using the bias calculation method according to an
embodiment of the present invention and the actually mea-
sured bias profile 906.

[0067] Referring to a bias profile 912 obtained after the
usage time is increased a bit and bias profiles 914 and 916
calculated and measured after a certain time, again only a
small difference exists between the calculated bias profile
914 and the measured bias profile 916. This is because the
bias converges as the usage time increases. Thus, the bias
calculation method according to an embodiment of the
present invention is more accurate as the usage time
increases.

[0068] FIG. 10 is a flowchart of a bias compensation
method according to an embodiment of the present inven-
tion. Referring to FIG.10, when an HDD is turned on, a bias
table recorded in a maintenance cylinder of a disk is read and
stored in a memory in operation S1002.

[0069] The bias table contains a nonlinear bias component
and a linear bias component corresponding to an initial use.
The manner of obtaining the nonlinear bias component and
the linear bias component will be described in detail later.

[0070] Bias compensation is performed by referring to the
initial bias table stored in the memory in operation S1004.

[0071] Tt is checked whether an error is larger than a
predetermined value in the bias compensation in operation
S1006. That is, during normal tracking of the disk, an
existing closed loop controller continuously estimates the
bias using, for example, integral control to obtain zero error.
The error in operation S1006 is the difference between this
continuously estimated bias and the value calculated in
operation S1004. If the error is not larger than the prede-
termined value, the bias compensation is continuously per-
formed through operation S1004.

[0072] A bias compensation value for the bias compensa-
tion is obtained by adding the nonlinear bias component and
the linear bias component contained in the bias table. An
equation of a straight line for representing the linear bias
component is stored in the bias table, and a linear component
of a bias at a certain position is obtained by substituting a
head position on the disk in the equation.

[0073] The nonlinear bias component is stored in the bias
table according to a head position on the disk. That is, a
graph as illustrated in FIGS. 3B and 4B is stored in the bias
table.

[0074] When the linear bias component at the certain
position is obtained, a bias at the certain position is obtained
by adding the obtained linear bias component and a nonlin-
ear bias component at the certain position. The bias com-
pensation is performed using the obtained bias.

[0075] 1If the error is larger than the predetermined value,
the bias table is updated. When this happens, a bias profile
to be used for the bias compensation is considerably differ-
ent from a previously used bias profile, and thus the linear
bias component must be updated.

[0076] Biases are measured at two arbitrary positions, and
a linear bias component is estimated by referring to the
measured biases in operation S1008.

[0077] The linear bias component contained in the bias
table stored in the memory is updated to the estimated linear
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bias component in operation S1010. Thereafter, the bias
compensation is performed using the updated bias table.

[0078] FIG. 11 is a flowchart of a method of editing a bias
table according to an embodiment of the present invention.

[0079] Referring to FIG. 11, a bias profile is edited in
operation S1102. The bias profile is obtained by measuring
biases across all zones of a disk while a head is being moved
on the disk. Various methods of measuring the biases can
exist, and the biases are simply obtained by measuring a DC
component of a driving current applied to a VCM during
track following.

[0080] A linear bias component and a nonlinear bias
component are obtained by referring to the measured bias
profile in operation 1104. How to obtain the linear bias
component and the nonlinear bias component has been
described in detail referring to FIG. 5.

[0081] The obtained linear bias component and nonlinear
bias component are written in the bias table in operation
S1106. The linear bias component is stored as an equation of
a straight line obtained by referring to FIG. 5, ie., an
equation whose intercept is a0 and whose slope is al, and the
nonlinear bias component is stored according to a head
position on the disk.

[0082] The bias table is stored in a maintenance cylinder
of the disk or a nonvolatile memory and thereafter used by
an HDD. For example, the bias table is used for bias
compensation in a track seek.

[0083] FIG. 12 is a flowchart of a method of editing a bias
table according to another embodiment of the present inven-
tion.

[0084] Referring to FIG. 12, bias profiles are edited in
operation S1202. The bias profiles are obtained by measur-
ing biases across all zones of a disk while a head is being
moved on the disk and measured according to a usage time
of an HDD.

[0085] Nonlinear bias components for the respective bias
profiles are obtained in operation S1204.

[0086] A nonlinear bias component to be used for bias
compensation is calculated by averaging the nonlinear bias
components for the respective bias profiles in operation
S1206.

[0087] A linear component of a bias profile obtained right
after the HDD is turned on and the nonlinear bias component
obtained in operation S1206 are written in the bias table in
operation S1208. The linear component of the bias profile
obtained right after the HDD is turned on is stored in the bias
table because the bias table read from a maintenance cylin-
der and stored in a memory during an initial operation after
turning on the HDD is used for the bias compensation.

[0088] In the method illustrated in FIG. 12, the nonlinear
bias component to be used for the bias compensation uses
the nonlinear bias components obtained from the bias pro-
files measured according to lapse of the usage time.

[0089] The bias table editing method illustrated in FIG. 11
or 12 may be performed in a manufacturing process of the
HDD, in particular, in a burn-in test process.

[0090] FIG. 13 is a schematic plan view of an HDD 10
according to an embodiment of the present invention. Refer-
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ring to FIG. 13, the HDD 10 includes at least one magnetic
disk 12 rotated by a spindle motor 14. The HDD 10 also
includes a head 16 adjacently located to the surface of the
disc 12.

[0091] The head 16 can read or write information from or
to the rotating disk 12 by sensing a magnetic field formed on
the disk 12 or magnetizing the disk 12. Though a single head
16 is shown in FIG. 13, the head 16 actually include a write
head for magnetizing the disk 12 and a separate read head
for sensing -a magnetic field of the disk 12. The read head
is composed of a magneto-resistive (MR) component.

[0092] The head 16 can be combined with a slider 20. The
slider 20 generates an air bearing between the head 16 and
the disk 12. The slider 20 is combined with a head gimbal
assembly (HGA) 22. The HGA 22 is attached to an actuator
arm 24 having a voice coil 26. The voice coil 26 is located
adjacently to a magnetic assembly 28 specifying a voice coil
motor (VCM) 30. A current supplied to the voice coil 26
generates a torque which rotates the actuator arm 24 around
a bearing assembly 32. The rotation of the actuator arm 24
moves the head 16 across the disk 12.

[0093] Information is typically stored in concentric tracks
34 of the disk 12. In general, each track 34 includes a
plurality of sectors. Each sector includes a data field and an
identification field. The identification field is composed of a
gray code for identifying sectors and tracks (cylinders). The
head 16 moves across the disk 12 to read or write informa-
tion from or in another track. In general, moving the head 16
to another track is called a track seek routine.

[0094] FIG. 14 is a block diagram of an electrical circuit
of the HDD illustrated in FIG. 13. Referring to FIG. 14, the
HDD includes a disk 12, a magnetic head 16, a pre-amplifier
210, a write/read (R/W) channel 220, a buffer 230, a
controller 240, a read only memory (ROM) 250A, a random
access memory (RAM) 250B, a host interface 260, a VCM
driver 270.

[0095] Various commands and data used by the controller
240 to execute software routines are stored in the ROM
250A. One of the software routines is a seek control routine
of compensating for a bias by referring a bias table of the
HDD and moving the head 16 from one track to another. In
addition, equations for generating, for example, accelera-
tion, velocity, and position trajectories of a sine waveform
for a track seek are stored in the ROM 250A.

[0096] Information required for driving the HDD, which is
read from the ROM 250A or the disk 12 in an initial
operation, is stored in the RAM 250B. In particular, the bias
table to be referred to for bias compensation in a track seek
is stored in the RAM 250B.

[0097] The controller 240 analyzes a command received
from a host device (not shown) through the host interface
260 and executes a control corresponding to the analysis
result. The controller 240 supplies a control signal to the
VCM driver 270 to control activation of a VCM and a
motion of the magnetic head 16.

[0098] A general operation of the HDD will now be
described.

[0099] In a data read mode, the HDD amplifies an elec-
trical signal sensed by the read head of the magnetic head 16
from the disk 12 using the pre-amplifier 210. The RIW
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channel 220 amplifies the signal amplified by the pre-
amplifier 210 to a predetermined level by controlling a gain
using an automatic gain control circuit (not shown), encodes
the analog signal amplified to the predetermined level by the
automatic gain control circuit into a digital signal readable
by the host device, converts the digital signal to a data
stream, temporarily stores the stream data in the buffer 230,
and transmits the stream data to the host device through the
host interface 260.

[0100] In a data write mode, the HDD receives data from
the host device through the host interface 260, temporarily
stores the received data in the buffer 230, converts the data
stored in the buffer 230 to a binary data stream suitable for
a write channel using the R/W channel 220 by sequentially
outputting the data stored in the buffer 230, and records the
binary data stream on the disk 12 through the magnetic head
16 using a write current amplified by the pre-amplifier 210.

[0101] In a track seek operation, the controller 240 calcu-
lates a seek time according to a seek distance, generates
acceleration, velocity, and position trajectories based on the
calculated seek time, and executes a process of controlling
a driving current of the VCM. Here, the controller 240
compensates for the driving current of the VCM b referring
to the bias table stored in the RAM 250B.

[0102] FIG. 15 is a block diagram of an example of a track
seek servo control system including hardware and software
executed by the controller 240 illustrated in FIG.14.

[0103] Referring collectively to FIGS. 13,14 and 15, a
seek trajectory generator 60 calculates a designed position
X4(n), a designed velocity v4(n), and designed acceleration
ay(n) of the head 16 from an acceleration trajectory, and
velocity and position trajectories obtained by integrating the
acceleration trajectory of a sine wave every time the head 16
reads a gray code recorded in a track 34.

[0104] A state estimator 62 performs a process of estimat-
ing a head motion state variable value containing actual
position and velocity information of the head 16 from a
received position error signal and a received control signal
uk using a state equation.

[0105] A first adder 64 subtracts an actual position x (n)
from the designed position x4(n). A position control gain
compensator 66 generates a position compensation value by
multiplying a position gain k;, for position compensation by
a difference between the actual position x,(n) and the
designed position x,4(n) calculated by the first adder 64.

[0106] A second adder 68 adds the designed velocity v 4(n)
to the position compensation value generated by the position
control gain compensator 66 and then subtracts an actual
velocity v,(n) from the added result.

[0107] A velocity control gain compensator 70 generates a
velocity compensation value by multiplying a velocity gain
k, for velocity compensation by the value calculated by the
second adder 68.

[0108] A third adder 72 generates a seek driving current
control value uk(n) by adding the velocity compensation
value to the designed acceleration a,(n).

[0109] A bias force compensator 74 generates a seek
driving current control value obtained by compensating for
a bias according to a head position to the seek driving
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current control value uk(n) by referring to the bias table
stored in the RAM 250B and applies the generated seek
driving current control value to a VCM driver 76. The VCM
driver 76 moves the head 16 by rotating the VCM by
supplying a current corresponding to the bias-compensated
seek driving current control value to a voice coil of a head
disk assembly (HDA) 10.

[0110] Acceleration, velocity, position, and current trajec-
tories according to a seek servo algorithm of a sine wave-
form can be obtained using Equation 1.

Tsk Tsg . (27 Equation 1
x(1) = Kal —[[— —sm(— ]]
AM o 2r Tsk
TSK 2
v(t) = Kaly e [1 - cos(—TSK t]]

(2
a(t) = KAIMsm(—t)
Tsg

=1 ‘n(Zn ]
i(r) = Iy sin| —1
MO Tox

[0111] Here, Ty denotes a seek time, I, denotes a maxi-
mum current supplied to the voice coil, and K, denotes an
acceleration constant.

[0112] For a given seck distance Xqy, a time t is equal to
the seek time Tgx and can be obtained using Equation 2.

7% Equation 2
Xsg =x(Tsk) = Kalu o

[0113] From Equation 2, the required seek time Ty, for the
given seek distance X can be obtained using Equation 3.

Tew = 2nXsk
& =\ Kl

[0114] According to Equation 3, a calculated seek trajec-
tory of a sine wave specified by the current I, applied to the
VCM is generated.

Equation 3

[0115] However, in reality, since a motion of the head 16
is disturbed by a bias affecting the head 16, it is necessary
to compensate for the disturbance.

[0116] The controller 240 compensates for the current I,
applied to the VCM by referring to the bias table stored in
the RAM 250B.

[0117] To do this, as described in FIG. 9, the controller
240 stores the bias table recorded in the maintenance cyl-
inder of the disk 12 in the RAM 250B when the HDD is
turned on.

[0118] Thereafter, the controller 240 performs bias com-
pensation by referring the bias table stored in the RAM 250B
in a track seek. If an error value is larger than a predeter-
mined value in the bias compensation, the controller 240
measures biases at two arbitrary positions on the disk 12,
estimates a linear bias component using the measured
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biases, and updates a linear bias component stored in the
RAM 250B to the estimated linear bias component.

[0119] When a track seek operation begins, the controller
240 compensates for a bias by referring to the bias profile
stored in the RAM 250B.

[0120] As described above, in a bias compensation
method according to an embodiment of the present inven-
tion, since a bias at an arbitrary position on a disk can be
simply estimated using biases measured at two reference
positions on the disk when an operational condition of an
HDD is changed, bias compensation is simply and quickly
achieved.

[0121] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the present invention as defined by the following claims.

What is claimed is:
1. A method of calculating a bias applied to a head of a
hard disk drive (HDD), the method comprising:

measuring biases across all zones of a disk;

extracting a nonlinear bias component which is nonlin-
early varied across all zones of the disk based on the
measured biases;

measuring biases at two reference positions on the disk
according to a change of an operational condition of the
HDD;

estimating a linear bias component which is linearly
varied across all zones of the disk based on the biases
measured at the two reference positions; and

calculating a bias at a position of the disk according to the
change of the operational condition of the HDD based
on the estimated linear bias component and the
extracted nonlinear bias component.
2. The method of claim 1, wherein the operational con-
dition is a usage time since the HDD has been turned on.
3. The method of claim 1, wherein the operational con-
dition is an operational temperature of the HDD.
4. The method of claim 1, wherein the extraction of the
nonlinear bias component comprises:

setting a straight line approximating the biases across all
zones of the disk; and

extracting the nonlinear bias component using differences
between the biases across all zones of the disk and the
straight line.

5. The method of claim 4, wherein the straight line is set
so that a total sum of the differences between the biases
across all zones of the disk and the straight line is mini-
mized.

6. The method of claim 5, wherein the straight line is set
so that a total sum of root squares of the differences between
the biases across all zones of the disk and the straight line is
minimized.

7. The method of claim 1, wherein the measuring of the
biases across all zones of the disk and the extraction of the
nonlinear bias component are performed in a manufacturing
process of the HDD.
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8. The method of claim 1, wherein the measuring of the
biases across all zones of the disk is performed right after the
HDD is turned on.

9. A method of compensating for a bias applied to a head
of a hard disk drive (HDD), the method comprising:

measuring biases across all zones of a disk and extracting
a linear bias component which is linearly changed
across all zones of the disk and a nonlinear bias
component which is nonlinearly changed across all
zones of the disk based on the measured biases;

storing the linear bias component and the nonlinear bias
component in a bias table; and

compensating for a bias by referring to the bias table when
the HDD is turned on.
10. The method of claim 9, further comprising:

measuring biases at two reference positions on the disk
when an operational condition of the HDD is changed;

estimating a linear bias component changed across all
zones of the disk based on the biases measured at the
two positions;

updating the linear bias component stored in the bias table
to the estimated linear bias component; and

compensating a bias by referring to the updated bias table.

11. A method of editing a bias table for compensating for
a bias applied to a head of a hard disk drive (HDD), the
method comprising:

measuring biases across all zones of a disk and extracting
a linear bias component which is linearly changed
across all zones of the disk and a nonlinear bias
component which is nonlinearly changed across all
zones of the disk based on the measured biases; and

editing a bias table which stores the linear bias component
and the nonlinear bias component.
12. The method of claim 11, further comprising:

measuring biases at reference positions on the disk when
an operational condition of the HDD is changed;

estimating a linear bias component changed across all
zones of the disk based on biases measured at the
reference positions; and

updating the linear bias component stored in the bias table

to the estimated linear bias component.

13. A computer readable recording medium storing a
program for executing a method of calculating a bias applied
to a head of a hard disk drive (HDD), the method compris-
ing:

measuring biases across all zones of a disk;

extracting a nonlinear bias component which is nonlin-
early varied across all zones of the disk based on the
measured biases;

measuring biases at two reference positions on the disk
according to a change of an operational condition of the
HDD;

estimating a linear bias component which is linearly
varied across all zones of the disk based on the biases
measured at the two reference positions; and
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calculating a bias at a position of the disk according to the
change of the operational condition of the HDD based
on the estimated linear bias component and the
extracted nonlinear bias component.

14. A computer readable recording medium storing a
program for executing a method of compensating for a bias
applied to a head of a hard disk drive (HDD), the method
comprising:

measuring biases across all zones of a disk and extracting
a linear bias component which is linearly changed
across all zones of the disk and a nonlinear bias
component which is nonlinearly changed across all
zones of the disk based on the measured biases;

storing the linear bias component and the nonlinear bias
component in a bias table; and

compensating for a bias by referring to the bias table when

the HDD is turned on.

15. A computer readable recording medium storing a
program for executing a method of editing a bias table for
compensating for a bias applied to a head of a hard disk drive
(HDD), the method comprising:

measuring biases across all zones of a disk and extracting
a linear bias component which is linearly changed
across all zones of the disk and a nonlinear bias
component which is nonlinearly changed across all
zones of the disk based on the measured biases; and

editing a bias table which stores the linear bias component
and the nonlinear bias component.
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16. A hard disk drive (HDD) comprising:
a disk which stores information;
a spindle motor which rotates the disk;

a head which records information on the disk and which
reads information from the disk;

a voice coil motor (VCM) which moves the head;
a memory which stores a bias table; and

a controller which measures a bias in a track and which
compensates for the bias in a track seek mode by
referring to the bias table stored in the memory,

wherein the memory stores a linear bias component which
is linearly changed across all zones of the disk and a
nonlinear bias component which is nonlinearly
changed across all zones of the disk, and

the controller compensates for the bias by referring to the
bias table when the HDD is turned on, measures biases
at reference positions on the disk when an operational
condition of the HDD is changed, estimates a linear
bias component changed across all zones of the disk
based on biases measured at the reference positions,
and updates the linear bias component stored in the bias
table to the estimated linear bias component.



